Progress in the characterization of meiosis requires the development of tools that improve synchrony, thus facilitating biochemical and cytological analysis. in the fission yeast Schizosaccharomyces pombe, meiosis occurs under starvation conditions in diploid cells (azygotic meiosis) or in zygotes formed after conjugation between haploids of opposite mating type (zygotic meiosis). A key step in the induction of fission yeast meiosis is the inactivation of the Pat1 protein kinase.
1,2 Pat1 phosphorylates and inhibits the master regulator of meiosis Mei2 and the transcription factor ste11, preventing meiosis in haploid cells and/or in the presence of nutrients. ste11 levels increase under nitrogen starvation, leading to the transcription of its targets, including mei2 and the mating type genes. The products of the mating type genes form a heterodimer that activates the expression of the Pat1 inhibitor Mei3. As a consequence, only in diploid cells or zygotes, which harbor both mating type genes, and under nitrogen starvation is Mei3 produced and Pat1 inhibited, leading to Mei2 activation and induction of meiosis.
Taking advantage of this signaling pathway, a thermosensitive mutant of pat1 + , pat1-114, has been widely used to synchronize meiosis independently of ploidy and nutritional signals. in pat1-114 meiosis, haploid cells or diploids homozygous at the mating-type locus are arrested in G 1 by nitrogen starvation, and then Pat1 is inactivated by a temperature shift to 34°C. in the following hours, meiotic events (premeiotic s phase, recombination, meiosis i, meiosis ii and sporulation) proceed in a very synchronous manner. 3 This methodology has allowed uncovering important features of meiosis that would have otherwise remained unnoticed. synchronous meiosis experiments have facilitated the biochemical analysis of proteins and its modifications, studies on RnA expression and splicing and cytological characterization of fission yeast meiosis. However, meiosis induced in this way is not entirely physiological and, in some aspects, differs from wild type meiosis. Previous work has shown that in pat1-114 meioses, centromere positioning is aberrant; recombination rates are lower; a high proportion of cells show equational instead of reductional meiosis i, and spore viability is reduced. 3, 4 Two main concerns arise from pat1-114 meiosis: (1) the absence of pheromone signaling, which can be overcome with the ectopic expression of Mat-Pc or the addition of pheromones, 4, 5 (2) the use of high temperature for the inactivation of Pat1, which might be affecting negatively meiosis itself. Two studies published in a previous issue of Cell Cycle propose a novel strategy that does not require temperature shift for the induction of synchronous meiosis: Pat1 chemical inactivation. several methods can be used to induce meiosis synchronously in fission yeast. The most common is to use a pat1-ts mutant. 4 The second is to overexpress Mei3. The third is to express Mei2-sATA, a non-phosphorylatable form of Mei2, 6 and the fourth is to ectopically activate pheromone-responsive MAPKK. 7 Meiosis can be induced by all these methods regardless of nutrient status and ploidy. The advantage of pat1-ts is that it results in better synchronization, although meiosis can be induced without heat shock using the other three methods. 8 Later, the culture conditions for this strain are improved, and over 80% of the cells at the first meiotic nuclear division are synchronized. 9 However, heat shock is still required to induce meiosis in this strain. Considering the fact that meiosis can be induced without heat shock using the pat1-as strain, 2, 3 it is likely that using h -/h -pat1-as/pat1-as diploid cells carrying mat1-Pc + plus an inhibitor with the modified culture conditions would be one of the best methods of inducing synchronous meiosis with the fewest artifacts. Meiosis is essential for the continuity of sexually reproducing species. During meiosis, two rounds of chromosome segregation without an intervening round of DnA replication generate haploid (1n) gametes or spores from diploid (2n) precursor cells. elucidating the precise molecular details of how this is achieved remains a challenge and requires the development of sophisticated tools to dissect these events. A better understanding of meiosis is both an end in itself and also has broad implications for fertility and agriculture.
The four special features of meiosis culminate to form genetically unique gametes. Following premeiotic DnA replication, maternal and paternal homologs synapse in pachytene of prophase i and undergo reciprocal recombination (1) between non-sister homologous chromatids to create bivalent chromosomes. 1 Productive crossover events manifest as chiasmata, the physical linkages of homologous chromosomes that are mediated by cohesin complexes distal to crossover sites. At the first meiotic division, sister centromeres are bundled into a single kinetochore facing a spindle pole, termed sister kinetochore coorientation (2), and maternal and paternal centromeres are pulled in opposite directions. Chiasmata resolution is triggered by selective loss of cohesion along chromosome arms and dyad chromosomes containing a parental and a recombinant chromatid disjoin to opposite poles. Cleavage of cohesin converts dyads to individual chromatids during the second meiotic division. The step-wise removal of cohesin from chromosome arms and centromeres (3) and the suppression of DnA replication after meiosis i (4) are crucial for the production of haploid cells.
The study of these meiotic events in the yeasts has been limited by the relative asynchrony of meiotic cultures. Different methods have been used to overcome this. in Saccharomyces cerevisiae, a fruitful approach has been to place the expression of the transcription factor ndt80 required for progression from pachytene to meiosis i under an estradiol-inducible promoter.
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The pachytene arrest-and-release strategy still leaves early events such as premeiotic DnA replication and homolog pairing inaccessible. in Schizosaccharomyces pombe, a temperature-sensitive allele of Pat1 protein kinase (pat1-114) has been widely used to study all processes involved in the regulation of meiosis. Pat1 kinase is a negative regulator of meiosis and phosphorylates the RnA-binding protein Mei2, which is required for meiotic entry. 5 The pat1-114 cells are arrested in G 1 phase by nitrogen starvation and shifted to non-permissive temperature (34°C) to inactivate Pat1, which induces highly synchronous entry into premeiotic DnA replication followed by two rounds of chromosome segregation. However, cells undergoing pat1-114-induced meiosis have a reduced frequency of recombination, an increased frequency of chromosome missegregation in meiosis i and reduced spore viability. 6 Most importantly, the shift to high temperature creates heat stress conditions and has harmful effects on meiosis. Therefore, a refined experimental approach is needed to study meiosis under physiological conditions.
To address this, Gregan and coworkers extended their previously successful chemical Generation of ATP-analog sensitive kinase alleles ("as-kinases") has opened a new field in the analysis of protein kinase funtion. Mutation of a single "gate keeper" residue in the ATPbinding pocket to alanine or glycine sensitizes the kinase to small inhibitors without affecting the function of non-modified protein kinases or the function of the modified kinase in the absence of the analog. 8 in fission yeast, conditional analog-sensitive alleles have been constructed for all essential protein kinases, and new applications, such as substrate identification, have emerged. 9 what are the advantages of chemical inhibition of Pat1 over the use of a thermosensitive mutant? As stated above, the heat shock can alter the experimental results. Guerra-Moreno et al. show that stress genes are induced at the onset of the pat1-114 synchronous meiosis, whereas in pat1-as meioses at 25°C, these genes are not induced. Besides, at 25°C, transcription waves corresponding to early, middle and late genes, although with some delay, are conserved. Moreover, Cipak et al. demonstrate higher fidelity of chromosome segregation and spore viability in meiosis performed at the physiological temperature in the pat1-as meiosis. More importantly, they show that the combination of a pat1-as mutation at 25°C with the activation of pheromone signaling, through ectopic expression of mat-Pc or addition of P-factor, increases fidelity of chromosome segregation at meiosis i and spore viability to nearly wild type levels. in summary, meiosis in pat1-as strains at 25°C proceeds with a high degree of synchrony and, when combined with pheromone signaling activation, is almost identical to wild type cells, proving that this is a valuable tool for biochemical and cytological analysis. in addition, the use of chemical genetics for Pat1 inactivation leaves open the possibility of analyzing other thermosensitive mutations in synchronous meiosis, although with the caveats discussed above.
